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Unit I. Introducing the World of Engineering 
What is Engineering? 

Task 1. Skim this short text and do the task below. 
"Broadly defined, engineering is the study of, or the science-based profes-

sion, by which the physical forces of nature and the properties of matter are 
made useful to mankind in the form of structures, machines, and other products 
or processes at a reasonable expenditure of time and money." (from the Ency-
clopaedia Britannica. Mechanical engineering is a branch of engineering which 
refers to machine tools and other metal processing equipment employed to shape 
commercial products from raw materials. A technician or an engineer in a ma-
chine shop is a person trained or skilled in designing, planning, or performing 
operations. 

Choose the right answer. 
1. Engineering is a. to be an engineer, b. a science-based profession, 
 c. the use of physical forces. 
2. An engineer or a technician a. works in shop, b. repairs engines, 
 c. designs, plans or performs operations. 
3. Machine tools  a. are used to shape materials, b. are employed to sell 
 products, c. are employed for commercial purposes. 
4. A machine shop a. is a place where people sell machines, b. is a place 
 where people work and perform mechanical operations, 
 c. is an exhibition of cars. 

 
Unit II. Materials and Their Properties 

Ferrous and non-ferrous metals 
Task 1. Find in the text the English equivalents of the following words 

and be supposed to remember their meaning: 
цветные металлы, чугун, нелегированная углеродистая сталь, нержа-

веющая сталь, быстрорежущая сталь, сплав 
A good mechanical engineer has to know the materials used in the manu-

facturing industry and to understand their properties so as to choose the best 
ones for the required finished products. 

In mechanical engineering the most common materials are metals. They 
can be divided into two large groups: ferrous, which contain iron, and non-
ferrous, which don't. If we only add carbon to iron we will obtain plain carbon 
steel, we will obtain cast iron if we add more carbon and we will obtain an alloy 
steel if we add other elements. Plain carbon steel is classified according to its 
carbon content into mild steel, medium carbon steel and high carbon steel. Stain-
less steel and high speed steel are the most common alloys. 

The non-ferrous metals, which do not contain iron or just a small amount 
of it, can be classified into pure non-ferrous metals such as zinc, lead, copper, tin 
and aluminum and alloys such as bronze (copper and tin) and brass (copper and 
zinc). All these metals are appreciated and used in mechanical engineering ac-
cording to their own technological properties. 
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Task 2. Work in pairs. Work in pairs. Ask your friend about the ferrous 
and non-ferrous metals and may he answer your questions: 
1. if a mechanical engineer has to know well the materials used in the manufac-
turing industry. 
2. whether metals are divided into two large groups. 
3. if ferrous metals contain iron. 
4. whether non-ferrous metals do not contain iron.  
5. what we will obtain if we add iron to carbon. 
6. what we will obtain if we add still more carbon. 
7. what we will have if we add other elements.  
8. what the most common alloys are.  

Properties of materials 
Each material has its own specific properties to be considered in order to 

make the proper choice. Mechanical properties refer to the reaction of a material 
to the application of a force, which cause a deformation to be evaluated. Physi-
cal properties refer to the behavior of a material in relation to warmth, gravity 
and electricity. Other properties are chemical and technological properties; the 
former refers to oxidation and corrosion of materials, the latter refers to its mal-
leability. 

The most common properties 
Task 1. Match the following words with their English equivalents and 

be supposed to remember their meaning: 
1. прочность, 2. прочность на разрыв, 3. прочность на сдвиг, 4. прочность 

на кручение, 5. прочность на изгиб, 6. пластичность, тягучесть (металла), 7. ков-
кость, пластичность, 8. хрупкость, 9. твёрдость, 10. ударная вязкость, жёсткость, 
11. упругость, 12. теплопроводность, 13. тепловое расширение; 14. электриче-
ское удельное сопротивление, 15. плотность, 16. коррозионная стойкость. 

Strength is the resistance of a material to a force without breaking in a 
permanent way. We can observe different types of strength. 

– Tensile strength that is the ability to resist a stretching load. 
– Shear strength is the ability to resist being cut by opposite forces. 
– Torsional strength is the ability to resist twisting forces. 
– Bending strength is the ability to resist bending forces. 

Ductility is the ability of a material to be deformed by elongation without break-
ing. 
Malleability is the ability of a material to be plastically changed in shape. 
Brittleness is the ability of a material to break easily without an appreciable de-
formation; normally the harder the metal, the more brittle it is. 
Hardness is the ability of a material to resist abrasion, indentation or scratching. 
Toughness is the ability of a material to resist fracture and the ability to resist 
failure after the damage has begun. 
Elasticity is the ability of a material which changes its shape under action of op-
posing forces but returns to its original form when the forces are removed. 
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Thermal conductivity, or heat conductivity, is the ability of a material to trans-
mit heat. 
Thermal expansion is the measure of the dimensional changes of a material de-
pending upon to the temperature. The coefficient of linear expansion is the 
measure of thermal expansion and is specific for every material. 
Electrical resistivity is the ability of a material to resist to the flow of electrical 
current. It is the opposite of electrical conductivity. 
Density is the mass of a given substance per unit volume. 
Corrosion resistance is the ability of a material to resist destruction due to 
chemical processes such as oxidation. 

Task 2. Remember how different properties are called in English and 
match the words from the table with the definitions given below: 
strength, elasticity, malleability, ductility, hardness, brittleness, density, electrical 
conductivity, thermal conductivity, tensile strength, corrosion resistance 
1.  … – resistance to wear, indentation and abrasion. Important quality for all 
cutting tools. 
2.  … – ability to resist various forces. 
3.  … – ability to be deformed (to change shape). 
4.  … – the ability of a material to withstand a longitudinal stress, expressed as 
the greatest stress that the material can stand without breaking  
5.  … – mass per unit volume. 
6.  … – ability to let electrical current pass and is a characteristic of electrical 
cables. Metals are good conductors. 
7.  … – ability to flex and restore normal shape and size. 
8.  … – ability to be deformed permanently by elongation without fracture.  
9.  … – ability to conduct heat. 
10. … – ability of a metal to withstand deterioration and chemical breakdown  
11. … – tendency to show no resistance before fracture. 

Metals and non-metals 
Task 1. Remember the meaning of the following words: 
specific weight – удельный вес; melting point – точка плавления; heat con-

ductor – проводник тепла; solidity – прочность; extraction – добыча; mercury – 
ртуть; lead – свинец 

In the table of elements it can be seen that metals are far more numerous 
than non-metals. Because of their similar properties they are on the left of the 
periodic table and non-metals form a group on the right. 
 

Properties  Metals  Non‐metals 
Appearance  shiny, ductile, malleable  Non‐metals are dull 
Melting and boiling points  usually higher than non‐metals   Usually lower than metals, many are gases 
Heat conductivity  good conductors of heat  poor conductors of heat 
Specific weight  heavier than non‐metals  lighter than metals 
Conductors of electricity  good conductors  poor conductors 
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Properties of some important metals. Although the majority of elements 
are metals, most of them are solely of scientific interest as they have no use in 
industry. Less than twenty of them are used in everyday life and nearly half of 
these are only used in alloys with other metals or have limited use because of the 
high cost of extraction. 

For example, solidity and hardness are characteristics mostly associated 
with them, but mercury is a liquid and both potassium and sodium are very soft. 
Lead is also soft and easily scratched. 

A few metals resist the action of air and water and occur freely in nature 
or mixed with quartz or sand from which they can easily be separated mechani-
cally. They are gold, silver, platinum and mercury and are known as precious 
metals. However, these are the exception and most metals are found in the earth 
in the form of ores. 

Aluminum and iron 
Aluminum is the most common metal in the earth’s crust. It is silver 

white in color, light in weight, ductile, malleable and an excellent conductor of 
electricity. 

The pure metal is weak but, if combined with certain other metals, it 
forms very strong alloys. Its lightness and strength makes it a very useful mate-
rial in the aircraft and shipbuilding industries. As it forms a protective oxide coat 
when exposed to air, it is largely used in the manufacture of window and door-
frames. 

Iron is the second most abundant metal found in the earth’s crust. It is the 
most common and useful of all metals. It is silver grey in color, strongly mag-
netic, hard malleable and ductile. Iron is only found in its pure form in meteor-
ites, so it has to be extracted from various ores. 

Task 1. Work in pairs and decide if these sentences are true or false. Try 
to correct sentences in more than one sentence: 
1. Aluminum is the most common metals in the earth’s crust.  
2. Iron is silver in color and strongly magnetic.  
3. Hardened steel is very malleable.  
4. Copper is used for electrical wiring and conductors.  
5. Mild steel is softer and more malleable than hardened steel.  
6. Non-metals have a higher melting and boiling point than metals.  
7. Metals are good conductors of heat.  
8. Pure metals are very strong. 

Alloys 
An alloy is any combination or compound of metals used together. Mix-

tures containing two or more metallic elements fused together or dissolved into 
each other when melted, are called alloys when they solidify. 

Stainless steels are iron-chromium alloys that contain a minimum of 10.5 
per cent chromium. Stainless steel grades are designated as either corrosion-
resistant or heat-resistant. 
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Copper can be combined with other metals to make alloys. The most well-
known are brass and bronze. Although copper has excellent electrical and ther-
mal properties, it needs to be hardened and strengthened for many industrial ap-
plications. It is therefore mixed with other metals and melted. Some copper al-
loys are: brass (copper+zinc), bronze (copper+tin), cupro-nickel (copper+ nick-
el). Alloys are harder, stronger and tougher than pure copper. 

Aluminum is easily combined with copper (Al+Cu), manganese (Al + 
Mn), silicon (Al+Si), zinc (Al+Zn) and magnesium (Al+Mg) to make high qual-
ity alloys used to produce metallic components, lids, tins, etc. Lighter aluminum 
alloys are mostly used in aeronautics. 

Task 1. Complete the sentences with the words from the table: 
mixture, iron, carbon, stainless steel, high speed steel, brass, bronze, aluminium bronze 

Alloys are the … of a metal (or metals) with different elements. Steel is 
the combination of iron with small amounts of … . Carbon is used to improve 
the properties of iron. Plain carbon steel is composed of iron and less than 2% of 
carbon while cast iron is formed of iron and more than 1.9% of carbon. Other 
elements are added to steel to alter its properties, depending on its intended use: 
for example, … … contains chromium and nickel, … … … contains tungsten, 
etc. Some common alloys which don’t have iron in them are … (copper and 
zinc), … (copper and tin), … … (copper and aluminum) and cupronickel (cop-
per, nickel and manganese). 

 
Unit III. Nuts, Gears, Belts, Pulleys 

Nuts 
Task 1. Memorize how some nuts are called in English: 
колпачковые гайки   cup (acorn) nuts 
корончатые гайки   castle (slotted) nuts 
накидные гайки   coupling (extension) nuts 
стержневые муфты  rod couplings 
шестигранные гайки  finished hex (standard) nuts 
высокие гайки   heavy hex nuts 
стопорные гайки   hex jam nuts 

Description of nuts: 
1. Cap nuts, also known as acorn nuts, look like a hex nut with an acorn-shaped 
top. 
2. Castle nuts, a type of slotted nut, have slots which are cut equal in length to 
the slot depth and slightly smaller in diameter than the hex width. Pins or wires 
may be inserted through the slots. 
3. Coupling nuts, also known as extension nuts or rod couplings, are six-sided, 
double chamfered nuts available in various widths and lengths 
4. Finished hex nuts, also known as standard nuts, are six-sided internally 
threaded fasteners whose thickness is 0.375 times the nominal nut size and 
whose width across the flats is 1.5 times. 
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5. Heavy hex nuts are six-sided internally threaded fasteners which are both 
thicker and wider across the flats than finished hex nuts. 
6. Hex jam nuts are six-sided internally threaded fasteners which are thinner 
than the thickness of a finished hex nut. 

Task 2. Match the following applications with the types of nuts: 
Application of nuts: 
1. Used to join two externally threaded parts of equal thread diameter and pitch.  
2. The strongest of comparable nut  designs because of its greater length of 
thread engagement and greater resistance to widening or stretching. 
3. Used to cover exposed, dangerous bolt threads or to add a finished appear-
ance. 
4. Used in combination with a finished hex nut to keep the nut from loosening.  
5. Used for general purpose fastening and locking, inserting a safety wire 
through the slots. 
6. The most commonly used general purpose nut. 

Gears 
Task 1. Find in the text the English equivalents of the following words 

and be supposed to remember their meaning: 
зубчатое колесо, передаточное отношение зубчатой передачи, крутящий 

момент, шуруповёрт, задние колеса, скорость на выходе, вал 
Gears do several important jobs in tons of mechanical gadgets. They pro-

vide a gear reduction in motorized equipment. This is important because, often, 
a small motor spinning very fast can provide enough power for a device, but not 
enough torque. For instance, an electric screwdriver has a very large gear reduc-
tion because it needs lots of torque to turn screws, but the motor only produces a 
small amount of torque at a high speed. With a gear reduction, the output speed 
can be reduced while the torque is increased. Another thing gears do is adjusting 
the direction of rotation. For instance, in the differential between the rear wheels 
of a car, the power is transmitted by a shaft that runs down the center of the car, 
and the differential has to turn that power 90 degrees to apply it to the wheels. 

Task 2. Work in pairs. Ask your friend about the following things and 
may he answer your questions: 
1. if gears provide a gear reduction in equipment. 
2. whether an electric screwdriver has a very large gear reduction. 
3. if it needs lots of torque to turn screws. 
4. if the output speed is reduced and the torque is increased with a gear reduc-
tion. 
5. whether gears adjust the direction of rotation.  
6. what the differential have to do to apply power to the wheel.  

Types of gears (Part I) 
Task 1. Memorize how these gears are called in English: 
зубчатое колесо gear; cogwheel; pinion 
прямозубое цилиндрическое колесо spur gear 
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коническое зубчатое колесо  bevel gear 
механизм реечной передачи  rack and pinion 
реечная передача  rack gear 
червячное колесо  worm gear 
зубчатое колесо с внутренними зубьями internal gear 
коронное зубчатое колесо с прямобочным профилем, crown gear 
плоское зубчатое колесо  
дифференциал differential 
промежуточная шестерня idler gear 
храповое колесо  ratchet 

Spur gear. When two spur gears of different sizes mesh together, the larger gear 
is called a wheel, and the smaller gear is called a pinion. In a simple gear train of 
two spur gears, the input motion and force are applied to the driver gear. The 
output motion and force are transmitted by the driven gear. The driver gear ro-
tates the driven gear without slipping. 
Bevel gears. Bevel gears have teeth cut on a cone instead of a cylinder blank. 
They are used in pairs to transmit rotary motion and torque where the bevel gear 
shafts are at right angles (90 degrees) to each other. 
Rack and pinion. A rack and pinion mechanism is used to transform rotary mo-
tion into linear motion and vice versa. A round spur gear, the pinion, meshes 
with a spur gear which has teeth set in a straight line, the rack.  
Worm and wormwheel. A gear which has one tooth is called a worm. The tooth 
is in the form of a screw thread. A wormwheel meshes with the worm. The 
wormwheel is a helical gear with teeth inclined so that they can engage with the 
thread-like worm. The wormwheel transmits torque and rotary motion through a 
right angle. The worm always drives the worm wheel and never the other way 
round. Worm mechanisms run quietly. 
Internal gear. Internal gears have better load-carrying capacity than external 
spur gears. They are safer in use because the teeth are guarded. 

Task 2. Fill in the following text using the words listed below: 
distance, final, gear, input, invented, larger, many, properly, simple, together 

To understand the  gear, one first has to understand the lever (рычаг). The 
lever and fulcrum (точка опоры) make up a … machine where a stiff piece (the 
lever) rotates about a fixed pivot (the fulcrum). 

The principle of the lever has been used since before written language. 
Levers were initially … so that heavy stone blocks could be moved using only 
muscle power. Levers still form the operating principle behind … common ma-
chines, both powered and hand operated. A practical lever includes the lever it-
self and the fulcrum. 

To work …, the fulcrum is usually fixed in place relative to the lever. 
Like other simple machines, the lever is best understood through the concepts of 
… and output forces. The output force can be … or smaller than the input force, 
depending on the length of the lever and where you place the fulcrum. 

A … is a modification of the wheel and axle. It just has teeth around it. 
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Like all simple machines, gears may change the direction in which a force is ap-
plied; increase or reduce a force or the … over which a force is applied. 

Gears work in teams. Two gears working … are called a gear train. The 
gear on the train to which the force is first applied is called the driver. The … 
gear on the train is called the driven gear. Any gears between the driver and the 
driven gears are called the idlers. 

Types of gears (Part II) 
Gearwheel: a wheel with a rim notched into teeth, which meshes with those of 
another wheel or a rack to transmit or receive motion. 
Pinion: a small cogwheel (another word for gearwheel), the teeth of which fit 
into those of a larger gearwheel or those of a rack. 
Rack gear: a toothed bar into which a "pinion," (worm, gear, spur, etc.) meshes. 
Crown gear: a gear wheel with teeth set in the rim perpendicular to its plane 
Differential gear: a certain arrangement of gears connecting two axles in the 
same line and dividing the driving force between them, but allowing one axle to 
turn faster than the other. 
Idler gear: a gear wheel placed between two other gears to transmit motion from 
one to the other. It does not alter the speed of the output, but it does alter the di-
rection it turns. 
Ratchet: a toothed wheel or bar that catches and holds a pawl (упор), which thus 
prevents backward movement. 

Pulleys 
A pulley is a type of wheel and axle machine. The job of a pulley is to de-

crease the effort required for lifting a heavy object. It is made of a wheel with an 
inverted rim or groove between the edges. The rope rotates on the wheel. If a 
hook is attached to the top of the pulley, the object attached to the rope can be 
lifted high. More than one pulley can be used, alternating the pulleys between 
point of attachment and object being lifted. Increasing the number of pulleys, the 
effort required decreases, but a greater length of rope will be needed to lift a 
heavy object. 

Task 1. Answer the following questions about pulleys. Use your answers 
as a plan to retell the text: 
1. What is a pulley? 
2. What is the job of the pulley? 
3. How do you use a pulley? 
4. What must a person do when trying to lift a heavy object with a pulley? 
5. Have you ever used a pulley? Why did you use it? 
6. What are the most common applications of pulleys in a machine shop? 

Belts and pulleys. 
Task 1. Memorize the meaning of the following terms: 
плоский (приводной) ремень    flat belt 
клиновой ремень      V-belt 
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зубчатый шкив      timing synchronous pulley 
круглые ремни, желобчатый шкив   round belts, grooved pulley 
для клиновых или круглых ремней 
 

Flat belts are noted for their power transmission efficiency, cost effectiveness, 
and ease of installation and use. Typical applications include conveyors, com-
pressors, machine tools and heavy industrial equipment.  
V-belts are power transmission drive belts with a triangular or trapezoidal cross 
section. They are manufactured in many materials. 
A timing synchronous pulley transmits force to the belt via evenly spaced 
grooves, which mate with the teeth in the belt. These same grooves and teeth 
prevent belt slippage. Synchronous belt drives are highly efficient and can run 
more smoothly and quietly than chain drives. Timing pulleys are available in 
several different tooth forms: the pitch is based on millimeter measurements. 
Round belts or grooved pulleys are used in mechanical systems. The belt rides 
at the bottom of the pulley groove and requires elongation or stretch to maintain 
tension and friction against the pulley. 

 
Unit IV. Machine Tools 

A wide variety of machine tools are used in engineering to perform 
several functions: they range from small hand tools (such as a drill to make 
holes), to the most complex and large ones. In general, a machine tool is a 
stationary power-driven machine for the shaping, cutting, turning, boring, 
drilling, grinding or polishing of solid parts, especially metals. Machine tools 
can be single purpose machines, when they are designed for the production of a 
particular product or they can be multi-purpose when they may be adapted to 
several, different classes of work. The multi-purpose machine is also known as a 
universal machine when a large number of operations are possible. The machine 
tools used in a machine shop vary in accordance with the volume of parts 
produced and the methods of work employed in metal processing. 

According to its dimensions and volume of production, machine shops 
can be classified as jobbing shops, semi-production shops, and mass productions 
shops. For example, the most common machine tools used in a jobbing shop are: 
lathes, grinders, planers, milling and drilling machines; the operators must be 
skillful enough to perform all the required operations using different types of 
machine tools. Instead, in semi-production shops and even more in mass 
production shops these traditional machine tools are sided by other automatic 
and more complex machines, designed for specific kinds of work, that can reach 
a high degree of speed and accuracy. They use also special machine tools built 
for particular jobs required in large quantities. Their cost is higher but their 
speed is also higher and the result is less time for more products. 

Task 1. Find words in the text that express: 
a. Types of machine shops; b. Types of machine tools; c. Types of operations. 
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Turning on a lathe 
Task 1. Terms to be remembered: 

передняя бабка   headstock задняя бабка   tailstock 
суппорт токарного станка   carriage поперечный суппорт   cross slide 
салазки; каретка суппорта   slide фартук   apron 
трехкулачковый патрон   three jaw chuck цанговый патрон   collet chuck 
коробка скоростей (передач)   gearbox ходовой вал; вал подачи   feed shaft 

Turning is an operation carried out on lathes, the lathe is probably the old-
est machine tool, and today's lathe has developed into numerous kinds of ma-
chines: ranging from the traditional center lathe to the more recent high per-
formance technologically advanced machines. The lathe is also the most impor-
tant machine tool and one of the most widely used in engineering. In lathe work, 
the material is made to rotate and a cutting tool is pressed against it to produce 
the required shape. 

Centre lathes are used to turn cylindrical workpieces including: parallel 
and tapered diameters, drilled and reamed holes, bored holes, externally and in-
ternally threaded holes. 

The main parts of a typical center lathe are: 
– bed is the rigid cast iron frame where all the other components are 

mounted; 
– headstock, which is mounted on the left-hand end of the bed and houses 

the spindle and two gearboxes, that make it possible to adjust the speed of the 
spindle and cutting tools. A chuck is mounted on the spindle to hold and rotate 
the work. There are various work-holding devices that can be attached to the 
spindle and various methods of fixing these work- holding devices. The most 
common devices are: the three-jaw self-centering chuck (used for round and 
hexagonal work), the four jaw independent chuck (used for square, rectangular 
and irregular shaped work) and the collet chuck (used for bar and smaller-
diameter workpieces). The most common methods of fixing are: the spindle 
nose and the screwed-type spindle nose; 

– tailstock is moved along the bed and clamped in any desired position. It 
is used to mount various tools (drills, reamers, etc.) or to support long work-
pieces; 

– carriage carries the cutting tool. It is an assembly of components, in fact 
there is a saddle and on the top of it, there is a cross slide and a top slide 
(верхние резцовые салазки), also called a compound slide, and a tool post, that 
houses the cutting tool. The front part of the carriage assembly is the apron 
which houses various control levers and hand wheels. A  feed shaft is used to 
traverse the carriage or the cross slide automatically. 

– feed selector (переключение подач) houses various levers to control the 
feed rate: i.e., the distance the cutting tool advances along the workpiece surface 
for each revolution of the spindle. The speed rate affects the quality of the sur-
face finish of the workpiece: a fine feed (say 0.04 mm/rev) would give a better 
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finish than a coarse feed (0.5 mm/rev) that would remove material faster. Usu-
ally on the headstock there is a chart that indicates various feed rates for certain 
lever positions, the feed rate is set by changing the position of the levers. 

On a center lathe other operations are possible apart from turning: drill-
ing, that is performed by holding a drill in a chuck or by mounting the drill di-
rectly on the tailstock; reaming, which is the operation that follows the drilling 
in order to make size and surface more accurate; boring that corrects errors in 
concentricity and alignment of a previously drilled hole. 

Task 2. Match the items below with their definitions: 
the bed a. is used to fix long workpieces; 
the carriage b. is a rigid structure on which the main parts of a lathe are mounted; 
the tailstock c. is a structure on which a cross slide is mounted; 
the chuck d. is fixed on the spindle and holds the workpiece. 

Task 3. Choose the right definition of the following parts of the lathe: 
Spindle. a. A short, slender or tapered shaft. 
 b. A cylindrical body with a helical groove cut into its surface. 
 c. A tool for turning and driving screws in place. 
Chuck. a. A part of the lathe for making narrow grooves. 
 b. Portable drilling equipment. 
 c. A device for holding a component of an instrument rigid usually by 
 means of adjustable jaws, as the workpiece in a metalworking. 
Tailstock. a. A part of a machine that rotates. 
 b. A part of the lathe that holds the end of the work not being shaped, 
 allowing it to rotate freely. 
 c. A device used for enlarging a hole. 
Apron. a. A plate serving to protect or cover a machine. 
 b. A device that moves in a pre-determined path in a machine. 
 c. A device that supports a cutting tool. 
Toolpost. a. A device that controls the feed mechanism. 
 b. A device to position a cutting tool on a lathe. 
 c. A device to clamp and position a tool holder on a machine tool. 

Lathe 
Task 1. Fill in the following text using the words listed below: 

motor, tool, saddle, motion, cross slide, tailstock, spindle, chucks, workpieces, cutting. 
The lathe is used for shaping articles of metal that will have circular cross 

section. The workpiece is held and rotated by the lathe while a … is advanced 
into the work causing the cutting action. 

The … is the part of the lathe that rotates. Various work holding attach-
ments such as three jaw … , collets, and centers can be held in the spindle. The 
spindle is driven by an electric … through a system of belt drives or gear trains 
(зубчатая передача – ЗП). Spindle speed is controlled by varying the geometry 
of the drive train (кинематическая цепь). 

The … supports the end of the workpiece with a center, or holds tools for 
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drilling, threading or … . It can be adjusted in position along the ways to ac-
commodate different length of … . 

The carriage controls and supports the cutting tool; it consists of a … that 
slides along the ways, an apron that controls the feed mechanisms, a … … that 
controls transverse … of the tool (toward or away from the operator), a toolpost. 

Task 2. Work in pairs. Take turns to ask as many general questions to 
the text as possible and answer them. Use the following questions as models: 
1. Does a machine tool perform a wide variety of operations? 
2. Is the lathe used for shaping articles of metal? 

Principle elements of the lathe 
Task 1. Each sentence has some confusion. Find what is incorrect in 

the sentence and write it down correctly. Try to retell this text. You may also 
use your notes to prepare for a career-related talk at the exam: 

The main components of the lathe are the bed, the headstock and the car-
riage located at opposite ends of the bed. The tailstock comprises the saddle, the 
cross slide, the toolpost and the apron. The cross slide stands on a toolpost and 
is able to move across the carriage as well as along it, depending on the kind of 
job. 

The lathe spindle is the foundation on which the lathe is built. The accu-
racy of the machine is dependent on the rigidity of this spindle. 

The headstock is located in the left-hand side of the bed and it houses the 
tailstock and the driving mechanism. The spindle revolves in roller bearings. It 
receives a toolpost, which, in its turn, holds a workpiece. Short workpieces are 
held in a chuck. A toolpost may be universal, or self-centering, usually of a 
three-jaw type, in which the jaws move together towards the center to clamp the 
work; or they may be independent (usually of four-jaw design) in which each 
jaw moves independently of the others. 

Calculating speeds and feeds 
Cutting speed refers to the speed at which the tool point of the cutter 

moves with respect to the work measured in feet per minute. Feed is the rate at 
which the work moves into the cutter measured in inches per minute or in inches 
per revolution. Feeds and speeds affect the time to finish a cut, tool life, finish of 
the machined surface and power required of the machine. The cutting speed is 
mostly determined by the material to be cut and the material of the tool. The 
feed rate depends on the width and depth of cut, finish desired and other vari-
ables. 

Operations of the lathe 
Task 1. Match the words from the box with the definitions of opera-

tions: 
сверление, токарная обработка, отрезание, расточка, обточка торца 

A lathe can also be used to drill holes accurately concentric with the cen-
terline of a cylindrical part. 
Parting. A parting tool is deeper than a turning tool. It is designed for making 
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narrow grooves and for cutting off parts. 
Facing. A lathe can be used to create a smooth, flat face very accurately perpen-
dicular to the axis of a cylindrical part. 
Turning. The lathe can be used to reduce the diameter of a part to a desired di-
mension. 
Boring. Boring is an operation in which a hole is enlarged with a single point 
cutting tool. 
Drilling. A lathe can also be used to drill holes accurately concentric with the 
centerline of a cylindrical part. 

Drilling machines 
Task 1. Terms to be remembered: 
коническое зенкование countersinking 
цилиндрическое зенкование counterboring 
подрезание опорной поверхности, например, под spot facing 
головку болта или гайку 
развёртывание отверстий reaming 
нарезание резьбы метчиком  tapping 
вертикально-сверлильный станок  drill press 
A drilling machine is used to cut holes into or through metal, wood, or 

other materials. Drilling machines use a drilling tool that has cutting edges at its 
point. This cutting tool is held in the drill press by a chuck and is rotated and fed 
into the work at variable speeds. Drilling machines may be used to perform oth-
er operations. They can perform countersinking, boring, counterboring, spot fac-
ing, reaming, and tapping. 

The drill press 
A drill press is composed of a base that holds up a column, the column, in 

turn, supports a table. Work can be supported on the table with a vise or clamps, 
or the table can be swiveled out of the way to allow tall work to be supported 
directly on the base. Height of the table can be adjusted with a table lift crank 
(рычаг подъёма). The motor contained in the head turns the spindle at a con-
trolled variable speed. 

The spindle holds a drill chuck to hold the cutting tools (drill bits, center 
drills, deburring tools, etc.). The quill is moved up and down with a lever on the 
side. 

Operations of drilling machines 
The center finder. A center finder is useful for setting the spindle of a drill press 
accurately over a known point. A center finder is made of two separate pieces 
spring loaded together. 
Reaming the hole. A drilled hole will be accurate to about 2/1000 of an inch in 
diameter. If greater precision is required, a reamer must be used. The straight 
flutes of a reamer cannot drill a hole; the reamer must be driven down with a 
constant, slow speed. 
Tapping a hole. To cut threads in a hole, a tap must be used; it has cutting edges 
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to cut the threads and straight flutes to allow chips to be expelled. 
Deburring a hole. Usually, the top edge of the hole is fairly clean, but the bot-
tom edge has substantial burrs. To remove them, a deburring tool must be in-
serted into the hole with moderate pressure. 
Drilling a hole. If the hole is large, it is a good idea to drill a smaller pilot hole 
before drilling the final one. The hole will be more accurately positioned, round-
er, and the bits will last longer. If the hole is deeper than it is wide, coolant must 
be used. 

Task 1. Give the names of the parts of a drill press corresponding to the 
following definitions: 

vise (vice), drill chuck, quill, flute, reamer 
……..:  a chuck for holding a cutting tool on a spindle. 
……..:  a tool consisting of two jaws for holding a workpiece. 
……..:  a tool used to enlarge, smooth, or finish a hole. 
……..:  a grove having a curved section; it is parallel to the main axis on 
  columns, drills, and other conical or cylindrical shaped pieces. 
……..: a hollow shaft into which another shaft is inserted in mechanical 
  devices.  

Grinding and grinding machines (Part I) 
From the simplest to the most complex, grinding machines can be classi-

fied as cylindrical and surface grinding machines. Surface grinding is used to 
produce flat accurate surfaces and can be carried out on all materials, hard or 
soft. There is no other way of removing metal from a hardened workpiece. 
Grinding is considered a finishing operation, but it is also used instead of milling 
and shaping machines to remove large amounts of materials. The principal parts 
of a grinding machine are the base, the column, the wheelhead, the table and the 
saddle. Grinding machines are designed to be highly rigid, which is very impor-
tant for accuracy, results and superior grinding performances. Most grinding 
machines have a headstock and tailstock mounted on a rigid base: they are simi-
lar in structure to an ordinary lathe. The abrasive wheel mounted on a spindle 
carried by the wheelhead and driven by a motor situated in the column. 

All the elements must be well assembled and they can be inspected by 
computerized apparatus to prevent the temperatures rising, noise and vibration. 
Workpieces are held by chucks and rotate towards the operator. The rotation of 
the wheel is the same as the rotation of the workpiece. While the wheel is rotat-
ing the abrasive elements cut away small chips of metal from the workpiece. 
The choice of the abrasive materials used for the wheel depends on the quality 
of the workpiece, its hardness, strength, etc. Most common abrasives are com-
posed of a powder of silicon carbide or emery and a binding agent. 

Grinding and grinding machines (Part II) 
The average machinist will be concerned mostly with floor-mounted and 

bench-mounted utility grinding machines, buffing machines, and reciprocating 
surface grinding machines. 
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Floor mounted grinding machine. The typical floor-mounted grinding machine 
stands waist-high and is secured to the floor by bolts; they mount two grinding 
abrasive wheels. The two-wheel arrangement permits installing a coarse grain 
wheel for roughing purposes on one end of the shaft and a fine grain wheel for 
finishing purposes on the other end: this saves the time that would be otherwise 
wasted in changing wheels. 
Bench type grinding machine. Like the floor mounted grinding machine, one 
coarse grinding wheel and one fine grinding wheel are usually mounted on the 
machine for convenience of operation. Each wheel is provided with an adjust-
able table, tool rest and an eye shield for protection. 

Grinding wheels and abrasives 
The deburring wheel. It is a mesh of abrasive fibers held together with adhesive. 
It's good for intermediate polishing. Even very hard materials such as tool steel 
can be removed with a deburring wheel. A tool that has been smoothed out in this 
manner can be used to burnish a part in the lathe to achieve a very fine finish. 
Abrasive materials. The abrasive grains are the cutting tool of a grinding wheel. 
The shape of each grain is irregular with several sharp cutting edges. When 
these edges grow dull, the forces acting on the wheel tend to fracture the abra-
sive grains and produce new cutting edges. Most grinding wheels are made of 
artificial abrasives: silicon carbide (extremely hard but brittle) or aluminum ox-
ide (slightly softer but tougher than silicon carbide). 
Abrasive grain size. Abrasive grains are selected according to the mesh of a 
sieve through which they are sorted. For example, grain number 40 indicates 
that the abrasive grain passes through a sieve having approximately 40 meshes 
to the linear inch. A grinding wheel is designated coarse, medium, or fine ac-
cording to the size of the individual abrasive grains making up the wheel. 
Grinding wheels don't remove material by a rubbing action; actually, the proc-
ess is as much a cutting action as drilling, milling, and lathe turning. 

Task 1. Read the previous text and say if the following statements are 
true; if they are not, correct them. 
1. A lathe cannot be used to create a smooth face perpendicular to the axis of a 
cylindrical part. 
2. In a drill press the spindle holds a drill chuck to hold the cutting tools.  
3. The tap has deep and large holes. 
4. Boring is an operation in which the diameter of a hole is reduced to a desired 
dimension.  
5. Very hard materials can be removed with a deburring wheel. 
6. Grinding abrasive wheels remove materials by a rubbing action.  

Task 2. Answer the following questions: 
1. What are the most common types of grinding machines? 
2. What is the function of the two-wheel arrangement? 
3. What is the advantage in using two grinding abrasive wheels? 
4. What is a deburring wheel used for? 
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5. What are the abrasive grains? 
Task 3. Put these scrambled words in the correct order to make sen-

tences: 
1. Point/is /cutting/ single/ tool/used/enlarge/ hole/a/to/a 
2. A/to/toolpost/clamp/holder/tool/machine/a/to/position/the/on/is/device/and/tool 
3. Is/shaping/metal/lathe/for/the/used/articles/of 
4. Tool/deeper/a/than/turning//a/narrower/is/tool/parting/and 
5. Reaming/drilling/may/perform/to/and/machines/be/countersinking/used. 

Milling and milling machines (Part I) 
Milling is the second operation in order of importance, carried out on ma-

chine tools. Milling is the machining process usually selected for producing rec-
tangular and angular workpieces with flat plane surfaces. Drilled and bored 
holes can also be accurately positioned with a milling machine. 

Milling consists of a rotating cutter which removes material from the 
workpiece, producing finished flat surfaces, irregular shaped surfaces, irregular 
grooves and contours. 

The tool used is the milling cutter: it has several cutting edges against 
which the workpiece is fed. The speed of rotation of the cutter depends on the 
material being cut, the depth of the cut, the shape of the cutter, the type of ma-
chine, and so on. 

There are two types of milling machine: horizontal and vertical. They 
have similar parts: a column, a table, a knee (a large slide mounted on vertical 
dovetail slides at the front of the column), a saddle and a spindle which houses 
the chuck and the cutter. The speed of the spindle can be set with levers and pul-
ley belts. Their difference lies in the different plane in which the cutting tool is 
held according to the vertical or horizontal spindle, and the different tools used 
and held in different ways. 

There is also the turret milling machine, that is less rigid than the vertical 
type, thus more versatile. This milling machine has a turret. The turret head can 
be tilted sideways, backwards and forwards. 

Task 1. Complete these sentences: 
a. Milling involves feeding a securely held workpiece past a __________ 
b. A multitooth cutting tool is called ___________________________________ 
c. Milling machines are manufactured in a range of types and sizes, in 
 particular they can be ________________________________________ 

Milling and milling machines (Part II) 
Milling is the process of machining flat, curved, or irregular surfaces by 

feeding the workpiece against a rotating cutter containing a number of cutting 
edges; they can also be used to drill, bore, cut gears, and produce slots. 

The milling machine consists basically of a motor driven spindle, which 
mounts and revolves the milling cutter, and a reciprocating adjustable worktable, 
which mounts and feeds the workpiece. Milling machines are classified as verti-
cal or horizontal. Most milling machines have self-contained electric drive mo-
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tors, coolant systems, variable spindle speeds, and power-operated table feeds. 
Operations with milling machines 

Adjustment of the head. The milling machine is versatile: the head of a vertical 
milling machine can be tilted from side to side and from front to back. 
Climb and conventional milling. In conventional milling, the workpiece is fed 
into the rotation of the cutter. In climb milling, the work moves with the rotation 
of the cutter; this produces a better finish. 
Face milling. A facing cutter is used to create a flat face on a large part. 

Task 1. Match the synonyms of the following verbs: 
to rotate .............................   to incline 
to support .........................   to mount 
to consist of ......................   to place 
to tilt ..................................   to swivel 
to climb .............................   to spin 
to position..........................   to hold up 
to revolve      to perforate 
to drill      to be composed of  

Task 2. Match the words from the box with proper definitions: 
to deburr, abrasive, die, cutting tool, tap 

1. Natural (sandstone, corundum, diamonds) or artificial (silicon carbide, alumi-
num oxide) material used for making grinding wheels, sandpaper, abrasive cloth 
(шлифовальная шкурка), and lapping compounds (абразивная смесь для 
притирки). 
2. A hardened piece of metal that is machined so that it has the shape and cutting 
edges appropriate for the operation for which it is to be used. 
3. A tool used to cut threads on the inside of a round hole. 
4. A tool used to form or stamp out metal parts; or a tool to cut external threads. 
5. To remove sharp edges. 

Profitable milling 
Dynamic 2 is the name of the new line of horizontal milling machines 

Deber. Designed for machining pieces with medium overall dimensions and 
weights, these machines assure high technical performances at competitive 
costs. 

Both the table and the sliding guideways are hardened and ground. The 
sliding counter-guideways are made of low friction material. 

The table has a max. working surface of 2.800x630 mm. Movement is 
2.500x1.300x800 for the X/Y/Z axes respectively. Normal working speed is 
10 m/min, but it can reach 15 m/min. The spindle has an ISO 40 or an ISO 50 
attachment and two automatic rotation ranges are available: 1 + 900 and 
901+3.000 rpm. The machine is totally driven by the NC in semiautomatic and 
automatic mode. 

Further accessories may be added such i as automatic tool changes, 
milling heads, rotary tables and electronic copying devices. This unit is 
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autonomous for both movement and tool management. The change system is 
assembled on the machine in an independent way, following a scheme of 
horizontal axis rotation. Total capacity: 20 or 30 pockets for ISO 40 tool 
attachments or 20 pockets for ISO 50 tool attachments. 

Task 1. Speak about: 
a.  the item advertized; b. its purpose; c. its features. 

 
Unit V. Drawing and Mechanics 

What is Technical Drawing? Technical drawing is the study of the proce-
dures, tools, supplies, skills and techniques used to record and communicate the 
shape, size and material of a product. Every product has to be drawn on paper. 

These technical drawings form a «universal» graphic language using pic-
tures (views) and numbers (dimensions) that should be understood (readable) by 
anyone regardless of the language they speak. 

A mechanical engineer has to be able to produce understandable sketches 
and to interpret formal drawings produced by others. The pictorial projection 
mostly used in mechanical engineering drawing is isometric and perspective. 
But isometric projection doesn't take account of perspective. Perspective gives a 
true illustration. Nowadays three dimensional computer graphics is more and 
more frequently replacing these traditional methods of drawing. 

Three-Dimensional (3D) or pictorial presentation 
How can a three-dimensional effect be achieved on a two-dimensional me-
dium such as paper? 

There are several technical methods. Isometric projection produces rather 
a realistic effect but it is not drawn in perspective as the lines are drawn at 30° to 
the horizontal, with vertical lines remaining vertical. True scaled lengths are 
marked off along the vertical and 30° axes only. 

Perspective projection gives a truly realistic effect: objects appear to get 
smaller the further away from the viewer they are. In one-point perspective 
(перспектива в одну точку) all horizontal lines, moving away from the viewer, 
meet at a single point known as vanishing point (точка схода); the vanishing 
point is at eye level, on the horizon. The result is still rather flat. 

In two-point perspective projection the receding horizontals to the left and 
right of the viewer meet at two separate vanishing points, everything moving 
from the object. 

Orthographic projection 
An orthographic projection is a parallel projection in which the projectors are 
perpendicular to the plane of projection. It shows only the front surface of an ob-
ject, which includes only two dimensions: length and width. 
Third-angle orthographic projection is the internationally recognized form for 
presenting technical drawings: an object is depicted by using three flat views 
(plan, front and side view). 
All orthographic drawing must be drawn to a scale, which is noted in the title 
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block or elsewhere in the drawing. 
Convention is that the scale of a drawing is the ratio between the drawing and 
the object. A scale is a ratio and therefore has no units. 
Therefore a scale of: 

1 : 2 indicates that the drawing is half the size of the object, 
1 : 1 indicates that the drawing is full size,  
3 : 1 indicates that the drawing is three times the size of the object. 

Section views. Sometimes, orthographic views don't indicate the true shape or 
construction details of an object, so a section view is needed. A section line that 
exposes the unclear detail must be chosen. The object must be cut along the sec-
tion line, removing the part behind the arrows and drawing what remains. The 
part that has been cut must be cross-hatched, using different styles for different 
pieces (thin items such as bolts, nuts, screws, etc. ..., must not be hatched). The 
section line and the view must be labeled. 
Dimensioning. Dimension limit lines should stop short of the object by 2 mm; ar-
rowheads should be long and thin; dimensions are usually written above the di-
mension lines and in the center; vertical dimensions are read from the right-hand 
side (turning the drawing clockwise through 90°); the smallest dimension should 
be put nearest to the object; millimeters must be used at all times and noted only 
once in the title block. Dimensions mustn't be written inside the object. 

 
Unit VI. CAD/CAM Systems 

CAD (Computer-aided Design)/CAM (Computer-aided Manufacturing) 
technology has the potential to change the fundamental way a company con-
ducts its business: it can improve responsiveness to market changes by simulat-
ing the product, electronically. This allows savings to be made in every step of 
the business process, from proposal preparation to design review and accep-
tance, through to manufacture and build. The market moves fast and a company 
has to cope with the demand for product variation, requiring an appropriate 
hardware and software system. Working in 3D is more productive than working 
in 2D and items that are easy to manufacture are cheaper to manufacture too. 
CAD/CAM systems provide a means of recording the design process, as the 
files are computer-based. Nowadays, it is a very straightforward task to transfer 
files from analysis to design to manufacturing system and to save a lot of time. 

CAD/CAM and CIM. 
Task 1. Match types of modeling in Russian with their definitions in 

English given in the text: 
моделирование объёмных объектов (в машинной графике), каркасная мо-

дель (трёхмерного объекта), плоскостное (двухмерное) моделирование 
A CAD system is composed of hardware (the computer and associated pe-

ripheral equipment) and the software. The primary function of the CAD system 
is to allow the drafter, engineer, designer to solve graphic problems and produce 
accurate and legible drawings. 
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There are different types of 3D modeling CAD available: 
Wire-frame modeling, where the object is represented by a series of contour 
lines, creating a form of mesh;  
Surface modeling, where the surface finish can be added to produce a more re-
alistic effect; 
Solid modeling, where physical properties such as mass and volume can be es-
tablished. 

A CAD system can be used to test more design alternatives, to perform 
analyses and to make changes at the design stage. A virtual prototype can be 
provided and visualized from different angles and in different working situa-
tions. This simulation is very quick and accurate. The design can also be stored, 
retrieved and e-mailed. The use of databases can assist the development of some 
products (ex.: to assess the material costs) Although CAD systems can be very 
expensive to install and update, they are widely used in industry because of the 
possibilities that they offer. 

Designer 3D CAM is the equipment controlled by computers which car-
ries out parts of the manufacturing process. The resetting of the machine for 
batch production can be done very quickly, as the information is stored elec-
tronically, improving the productivity. There is greater consistency of outcome 
with fewer faulty items. 

CIM (Computer Integrated Manufacture) is the further development of the 
process and links CAD and CAM to produce a fully automated production system. 

Following the design process: CAM 
CAD data can be transferred to Computer Aided Manufacturing process 

and help in the following stages of CAM: 
Manufacturing Planning and Control includes the preparation of schedules, 
inventory lists, assembly lists, robotics planning and similar documents. 
Computer-Aided Process Planning is concerned with the preparation of a route 
sheet. The route sheet (маршрутная карта технол. процесса) is a listing of the 
sequence of operations. The functions of determining appropriate cutting condi-
tions for the machining operations and setting the time standards for the opera-
tions which are aided by computers are closely related to process planning. 
Tool and Fixture Design is a stage that creates all the necessary hardware to 
produce a product. The tool and the fixture design depend on the amount of 
parts being produced. It usually pays off to invest more money in designing a 
tool or fixture when dealing with mass, batch, and continuous-flow production, 
while it is avoided in a job shop production. 
NC Part Programming (автоматизированная программа обработки деталей) 
is planning the process for the portions of the job to be accomplished by the NC. 
The part programmer is usually responsible for planning the machine steps to be 
performed by NC. There are two common ways to program for NC, manually 
and computer assisted. The available CNC machines can be programmed either 
interactively by the human operator or be computer generated.  
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Task 2. Choose the right answer and check your knowledge about 
CAM/CAD systems. 
1. What is CAM?    3. What is a CAD/CAM system? 
2. What can CAD perform? 4. What is a solid model? 
 

A. 1. CAM is an electronic machine able to execute a set of instructions.  
 2. CAM is a software for manufacturing. 
 3. CAM is a software package used for designing. 
B. 1. CAD can simulate the product electronically. 
 2. CAD can reduce costs. 
 3. CAD can program CNC machine tools. 
C.  1. A CAD/CAM system is a union of both CAD and CAM within the same 
 software package creating a powerful software tool. 
 2. A CAD/CAM system is used to apply computers to both the modeling 
 and communication of designs. 
 3. A CAD/CAM system is made up of hardware and software which 
 manipulate date.  
D. 1. A solid model is a number of different elements of functions that 
 process the data stored in the database in different ways.  
 2. A solid model is a model of primitive forms of solid geometry like  cu-
bes, cones, cylinders, pyramids, spheres, etc. These are combined in a  vari-
ety of ways (adding or subtracting) to produce more complex models.  All 
volumes, surfaces and angles are well defined and known unlike 
 surface modelers or wire frame modelers. 
 3. A solid model is a simulation on the screen which reproduces the cutting 
 tools movements and the shaping of the workpiece into a machined part. 

CNC machine tools (Part I) 
In engineering, computers are widely used for several applications that in-

clude: controlling machines, controlling robots, designing, producing drawings, 
simulating, etc. The first important developments in automation in industry were 
CNC machine tools: CNC stands for Computer-Numerical-Control. CNC ma-
chines are controlled by a set of instructions based on numbers. On conventional 
lathes, for example, the slides are moved mechanically, but on CNC lathes they 
are moved by special electric motors called stepper motors. When making a 
component or part on a conventional lathe, you continually have to make deci-
sions and carry out various operations until the part is finished. On a CNC lathe 
you write a computer program and this controls the lathe while it makes the part. 
Once the program has been written, you can make as many identical parts as you 
wish from it. 

A CNC program contains co-ordinates for defining the positions that the 
tool must move to during the various operations, commands to control tool 
movement and commands to control the spindle (and chuck). Positions are de-
fined by X and Z co-ordinates. Distances perpendicular to the lathe center line 
are given as X while distances parallel to the center line are given as Z co-
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ordinates. 
Standardized codes are used in CNC programming. For example: G codes 

are used to control the tool movement; M codes are used for miscellaneous 
commands, such as to turn the spindle on and off; and canned cycles (стан-
дартный, повторяющийся цикл) are used when a series of tool movements is re-
quired to perform an operation. A CNC program is made up of a number of lines 
called blocks. Each block contains the block number and the information re-
quired to perform a certain operation. 

When writing a program, first the operations involved are listed. A special 
operations sheet is used for this. The computer then simulates the act of machin-
ing the component on the computer screen. This makes it possible to detect pro-
gram errors that can be corrected immediately, thus avoiding waste of both time 
and material. 

CNC machine tools (Part II) 
Controls are the brain of all machine tool operations. Early machine tools 

relied on operators to turn the wheels and pull the lever that moved cutting tools 
and the workpiece. Today's machine tools rely mostly on numeric control (NC), 
computer numerical control (CNC), and/or microprocessors. Engineers create 
both design and the manufacturing programs. 
CNC mills. Computer Numerical Control Milling is the most common form of 
CNC. CNC mills can perform the functions of drilling and often turning. CNC 
Mills are classified according to the number of axes that they possess. Axes are 
labeled as x and y for horizontal movement, and z for vertical movement. It is 
assumed that standard manual mills have four axes:  

1. Table x. 2. Table y. 3. Table z. 4. Milling head z. 
A five-axis CNC milling machine has an extra axis as a horizontal pivot 

for the milling head. This allows extra flexibility for machining with the end 
mill at an angle with respect to the table. A six-axis CNC milling machine would 
have another horizontal pivot for the milling head, perpendicular to the fifth ax-
is. 
 

CNC milling machines are traditionally programmed using a set of com-
mands known as G-codes. G-codes represent specific CNC functions in alpha-
numeric format. 

Task 1. Compare these CNC milling machines: 
The Model 2S-Twin CNC Kneemill 

The System M3X-2S Twin is designed to produce single or few tool-
change parts in medium to large quantities for less than the cost of a single 
VMC (vertical machining center). You can quote jobs on a single spindle, and 
then run them on 2, doubling your speed (and profit!). You can also make mon-
ey on jobs that can't be cost-justified on expensive VMCs. 

Technical features: 
– Two inverter-controlled 2 spindles. 
– Fourteen inches between spindles provide a 13.99" x 12" x 14" (X, Y, Z) work enve-
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lope per spindle. 
– Conversational Programming Software(CPS) makes short work of simple jobs. 
– Drive for the Z axis provides 15" of programmable travel and leaves the quill free so 
you can adjust each spindle height separately. 
– True 3 axis simultaneous interpolation allows you to make parts with complicated 3-
D surfaces. You can also drill hundreds of holes in a part without missing any. 
– Reads standard G-code files which can be produced by CPS, generated from a CAM 
system, or provided by a customer. 

HS High Speed Fixed Bed CNC Milling Machines 
The HS series are high speed fixed bed vertical/horizontal/universal CNC 

milling machines with small to medium machining envelopes. Low friction val-
ues and high acceleration rates are combined to allow very high speed three, 
four and five axis machining. The HS series were specially designed to run op-
timally with CAD/CAM programs. 

HS series CNC milling machines are designed to support the full line of 
accessories. The machine structure has a thermo-symmetrical design. The slid-
ing ram is built into the middle of a rigid vertical column. The column's vertical 
movement is controlled. By incorporating a variety of optional milling heads, 
tables and other accessories, HS series machines are versatile enough to be used 
in virtually any machining application. 

Technical features: 
– Automatic tool changer. 
– Continuous 4 axis CNC. 
– Linear guide ways. 
– Twin ball screws and drives for Z-axis. 
– Dual spindle for roughing and finishing. 
– Roughing Spindle: CAT 40 at 4,000 RPM (optional 6,000 RPM) and 20 HP. 
– Finishing Spindle: ISO 30 at 30,000 RPM and 7 HP, ISO 40 at 12,000 RPM and 20 
HP, ISO 40 at :2,000 RPM and 20 HP. 
– Longitudinal travel: 63", 79", 94", 110"; Cross travel: 27", 35"; Vertical trav-
el: 31", 37". 
– Table size: 102"x39"to 149"x47"; Table load: unlimited 

 
Unit VII. Safety at Work 

All employees are required to perform work in safe manner. Knowledge 
of appropriate safe work procedures and safety rules are essentials. Employees 
must comply with established safety rules and keep their work area free of haz-
ards by correcting unsafe conditions. Some basic precautions and a minimum 
level of safety behavior can reduce accidents such a personal injury, fire and 
electric shock. 
Safety colors and signs: The system of signs requires a predominant color based 
on the purpose of the sign. 
Red is used to identify danger signs, when immediate hazard exists (prohibition, 
fire equipment, … ) 
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Yellow is used for caution signs, to warn against potential hazards. 
Green is used for first-aid equipment and dispensaries, to identify directional 
signs (exit, … ). 
Blue is used for informational signs and obligation 

Task 1. Shop equipment safety: match meaning and types vs. shape and 
symbols. 

Shape and symbols: 
1. Round shape, white pictograph on a sky blue ground. 
2. Square shape, white pictograph on a red ground. 
3. Square or rectangular shape, white pictograph on a green ground. 
4. Round shape, black pictograph on a white ground, red border and band. 
5. Triangular shape, black pictograph on a yellow ground and black border. 

Meaning and types: 
a. Warning signs; b. Directional signs; c. Fire-fighting equipment signs; d. Pro-
hibition signs; e. Mandatory signs; f. Danger/alarm; g. General safety signs. 

Task 2. Would your conduct be safe in a machine shop? Decide if the 
following rules are wise or risky. 
1. Don't be aware of what is going on around you 
2. If you get tired, leave 
3. Listen to the machine: if something doesn't sound right, turn the machine 
4. Try to measure a part that's moving 
5. Leave machines running unattended 
6. Don't clean machines after using them 
7. Don't rush speed and feed 
8. Wear long hair, loose clothes and gloves 
9. You must wear goggles 
10. You must not know which parts of the machine move, which are stationary 
and which are sharp 
11. Use compressed air to blow machines clean. 
12. Remove chuck keys and wrenches 
13. Don't check that the workpiece is securely held. 

Task 3. Transform the risky instructions into wise ones. 
Ex:  Try to measure a part that's moving. 
 Don't try to measure a part that's moving. 

Task 4. Complete the following sentences, using So or Because: 
1. I don't rush speed and feed, … I can damage the tools. 
2. I don't attempt to measure a part that's moving, … I don't hurt myself. 
3. A working machine can be unsafe and uncomfortable to work on, … I clean it 
up after using it. 
4. I don't wear open sandals, … I don't want to lose a toe.  
5. Machines can be very dangerous if I don't use them properly, … safety proce-
dures must be followed. 
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Task 5. Match the beginning of the sentences on the left with their ends: 
1. If you are not aware of  A. you'll end up damaging your part, the 
what's going around you,  tools and maybe the machine itself. 
2. If you clean up machines, B. you’ll be pulled into the machine. 
using compressed air,  
3. If your hair is caught in C. a chip from a machine could fly into your 
spinning machinery, eyes. 
4. If you rush speeds or feeds, D. you can bump into someone while they’re 
 cutting with the bandsaw and they could lose 
 a finger 
5. If you don't wear safety  E. you will endanger your eyes and dirt can  
glasses in the shop,  forced into machine bearings. 

Drilling machine safety rules 
Drilling machines are one of the most dangerous hand operated pieces of 

equipment in the shop area. The safety procedures during drilling operations will 
help eliminate accidents, loss of time, and materials. 
Do not support the workpieces by hand. Use a holding device to prevent the 
workpiece from being torn from the operator's hand. 
Never make any adjustments while the machine is operating. 
Never clean away chips with your hand. Use a brush. 
Keep all loose clothing away from turning tools. 
Make sure that the cutting tools are running straight before starting the opera-
tion. 
Never place tools or equipment on the drilling tables. 
Always wear eye protection while operating any drilling machines.  

Chips 
Chips come in many shapes and materials, large or small, but all of them 

are sharp and dangerous. 
Be aware of where you are standing, chips are usually very hot when they come 
off the machines and can be painful if they land on your skin. Be careful when 
picking up rags, they are often loaded with chips after being used to clean a part 
of machine. 

Lathe safety rules 
The lathe operators must be constantly aware of the safety hazards that are 

associated with using the lathe and must know all safety precautions to avoid 
accidents and injuries. Hazards can be mechanically related to working with the 
lathe, such as proper machine maintenance and setup. 
Know where the emergency stop is before operating the lathe. 
Always stop the lathe before making adjustments. 
Never attempt to measure work while it is turning.  
Do not change spindle speeds until the lathe come to a complete stop. 
Remove chuck keys and wrenches before operating. 
Always wear protective eye protection. 
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Handle heavy chucks with care and protect the lathe ways with a block of wood 
when installing a chuck. Protect the lathe ways when grinding or filing. 
Use a brush to remove chips and swarf, never use your hands 
Never lean on the lathe. 
Never lay tools directly on the lathe ways. 
Keep tools overhang (вылет инструмента) as short as possible. 
Never file lathe work unless the file has a handle. File left-handed if possible. 

GLOSSARY 
Accuracy – точность  
adjustment – регулировка  
align – центрировать 
alignment – центровка 
alloy – сплав 
apron – фартук 
attachment – приспособление 
axis – ось 
Bar – брусок, заготовка 
barstock – прутковая заготовка 
bearing – подшипник  
bed – станина 
belt – ремень:  flat belt – плоский (приводной) ремень 
 V-belt – клиновой ремень 
 round belt – круглый ремень 
boring – расточка 
brittleness – хрупкость 
Carriage – суппорт токарного станка 
casting – отливка  
cast iron – чугун 
center – центр:  dead center – неподвижный центр 
 live center – вращающийся центр 
chips – стружка 
chuck – патрон:  drill chuck – сверлильный патрон 
 self-centering chuck – самоцентрирующий патрон 
 four-jaw chuck – 4-кулачковый патрон 
clamp – зажим, зажимать 
cogwheel – зубчатое колесо 
collet – цанговый патрон  
column – стойка 
cone – конус 
computer-aided design (CAD) – автоматизированное проектирование 
computer-aided manufacturing (CAM) – автоматизированное производство 
computer integrated management/manufacturing (CIM) – компьютерно-
интегрированное управление/производство 
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computer numerical control – ЧПУ типа CNC  
countersinking – коническое зенкование 
counterboring – цилиндрическое зенкование 
сross slide – поперечный суппорт 
cutter – фреза  
cutting – резание:  thread cutting – резьбонарезание 
Drill press – вертикальный сверлильный станок 
drill (bit) – сверло:  center drill – центровочное сверло 
drive – привод 
debur – снимать заусенцы  
density – плотность 
die – штамп, пресс-форма 
ductility – пластичность; вязкость 
Edge – кромка:  cutting edge – режущая кромка 
Face – поверхность, грань, лицевая сторона 
facing – обточка торца, подрезка: 
 spot facing – подрезание опорной поверхности под головку болта/гайки 
faceplate – планшайба 
feed – подача:  power feed – механическая подача 
feedrod – ходовой валик, вал подачи 
feedshaft – ходовой валик 
fixture – зажимное приспособление 
flute – паз, канавка  
forging – ковка, поковка 
frame – рама, станина  
Gear – шестерня, зубчатое колесо (ЗК): 
 bevel gear – коническое ЗП 
 crown gear – коронное зубчатое колесо с прямобочным профилем, плоское 
 зубчатое колесо (ЗК) 
 helical gear – винтовое зубчатое колесо 
 idler gear – промежуточная шестерня 
 internal gear – ЗК с внутренними зубьями 
 rack gear – реечная передача  
 spur gear – прямозубое цилиндрическое колесо 
 straight spur gear – цилиндрическая шестерня с прямыми зубьями 
 worm gear – червячное колесо 
gearbox – коробка передач: 
 feed gearbox – коробка подачи  
gearing – зубчатая передача 
grind (ground) – шлифовать, затачивать 
grinding – шлифовка:  coarse grinding – черновое шлифование 
 cylindrical grinding – круглое шлифование 
 fine grinding – тонкое шлифование 
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 surface grinding – плоское шлифование 
guide – направлять 
Handwheel – маховичок 
hardness – твердость 
headstock – передняя бабка  
Keaway – шпоночная канавка 
Lathe – токарный станок: 
 surface grinding lathe – токарно-круглошлифовальный станок  
 turret lathe – токарно-револьверный станок 
leadscrew – ходовой винт  
lever – рычаг; рукоятка 
lubricant – смазка 
Machine – cтанок:  bar machine – прутковый автомат 
 buffing machine – полировальный станок 
 chucking machine – патронный автомат 
  grinding machine – шлифовальный станок 
malleability – ковкость; пластичность 
mill – фреза:  end mill – концевая фреза 
 face mill – торцевая фреза 
 shell end mill – насадная фреза 
milling – фрезерование: 
 CNC milling – фрезерование на станке с ЧПУ типа CNC 
 climb milling – фрезерование по подаче 
 conventional milling – фрезерование против подачи 
 plain (plane) milling – плоское фрезерование 
 face milling – торцовое фрезерование 
miller – фрезерный станок, фреза: 
 knee-and-column type miller – консольно-фрезерный станок 
model: surface model – двухмерная модель, плоскостная модель 
wire-frame model – каркасная модель (трёхмерного объекта в машинной  графике) 
Numeric(al) control – числовое программное управление, ЧПУ 
Pass – проход   
pictorial – графический 
pitch – шаг 
planer – продольно-строгальный станок 
planing – строгание 
pinion – зубчатое колесо 
power-driven – с механическим приводом 
pulley – шкив:  grooved pulley – желобчатый шкив 
 timing synchronous pulley – зубчатый шкив 
Quill – сменный шпиндель; полый вал 
Rack and pinion – механизм реечной передачи 
range – диапазон, колебаться, серия 
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ratchet – храповое колесо 
rate – скорость 
reaming – развёртывание отверстий 
revolve – вращать 
rigidity – жесткость 
roughing – черновая обработка 
routing – вырезание деталей неправильной формы 
Saddle – салазки 
sawing – распиливание 
scale – масштаб 
screw – винт:  feed screw – ходовой винт 
 adjusting screw – установочный винт 
screwcutting – резьбонарезание 
set up – оснастка, установка 
shaft – вал, ось  
shank – хвостовик: 
 tapered shank – конический хвостовик 
shaper – поперечно-строгальный станок 
sleeve – втулка 
slide – салазки; каретка суппорта: 
 top slide – верхние резцовые салазки 
steel:  alloy steel – легированная сталь: 
 plain carbon steel – нелегированная углеродистая сталь 
 carbon tool steel – углеродистая инструментальная сталь 
 high speed steel – быстрорежущая сталь 
 stainless steel – нержавеющая сталь 
slot – канавка, паз 
swarf – мелкая металлическая стружка 
Tailstock – задняя бабка 
tap – метчик 
tapping – нарезание резьбы метчиком 
taper – конус 
temper(ing) – отпускать (сталь), отпуск 
tooth – зуб, зубец 
thread – резьба 
three dimensional – пространственный 
tool – инструмент: 

deburring tool – инструмент для снятия заусенцев  
toolholder – резцедержатель 
toolpost – резцедержатель 
train – зубчатая передача:  gear train – зубчатая передача (ЗП) 
 drive train – кинематическая цепь, трансмиссия 
turning – обточка 
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turret – револьверная головка 
toughness – вязкость (ударная), жёсткость 
Vertical machining center – вертикальный многоцелевой станок 
vise (vice) – зажимное приспособление 
Ways – направляющие 
workpiece – деталь, заготовка 
wheel – зубчатое колесо, шестерня: 

grinding wheel – шлифовальный круг 
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